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The OPERA Long Baseline Experiment: Status and First Results

D. Duchesneau (for the OPERA Collaboration)
LAPP, Université de Savoie, CNRS/IN2P3, Annecy-le-Vieux, France

OPERA (O scillation Projct with Em ulsion tR acking A pparatus) is an intermational collaboration between Europe
and A sia, ain ing to give the rst direct proof of tau neutrino appearance in a pure m uon neutrino beam , in order to
validate the hypothesis for atm ospheric neutrino oscillations. The rst european long baseline neutrino beam called
CNG S isproduced at CERN and sent in the direction of the G ran Sasso underground laboratory 730 km aw ay, w here
the OPERA detector is located. Since 2006 the electronic detector part is fully com m issioned and running. Coam ic
ray events have been recorded on a regular basis and the st neutrino beam events have been observed in the target
elem ents m ade of very precise em ulsion Im sand lead sheets during the last run in autum n 2007. T his paper review s
the status of the detector, the beam perform ances, the rst results from the neutrino event analysis and the prospects.

1. INTRODUCTION

OPERA E'] is a long baseline neutrino experin ent located In the G ran Sasso underground laboratory (LNG S) in
Ttaly. T he collaboration is com posed of about 200 physicists com ing from 36 institutions in 13 di erent countries.
The experim ent is a m assive hybrid detector w ith nuclear em ulsions used as very precise tracking devices and
electronic detectors to locate the neutrino interaction events in the em ulsions. It is designed to prim arily search for

appearance In the CERN high energy  beam CNG S B]at 730 km from the neutrino source, In order to establish
unam biguously the origin of the neutrino oscillations observed at the "atm ospheric® m? scale. The preferred
hypothesis to describe this phenom enon being ! oscillation. C om bining all the present known neutrino data
thebest tvaluesofaglobalthree avour analysisofneutrino oscillationsd]give for ! oscillation param eters
m?= 239x10 3ev? and sin®2 =0.995. The range of allowed valuesat 3 i52.06x10 < m?2< 2.81x10 3ev?.
In addition to the dom inant ! oscillation in beam , it is possible that a sub-leading ! ¢ transition
occurs as well. This process w ill also be nvestigated by OPERA pro ting from its excellent electron identi cation
capabilities to asses a possible in provem ent on the know ledge of the third yet unknown m ixing angle 13.

The direct appearance search is based on the observation of events produced by charged current interaction
(CC)with the decaying in leptonic and hadronicm odes. In order to directly observe the kinem atics, the principle
of the OPERA experim ent is to observe the tra fctories and the decay products in emulsion In s com posed of
two thin emulsion layers (44 m thick) put on either side of a plastic base (205 m thick). The detector concept
which isdescribed in the next section com binesm icrom eter tracking resolution, large target m ass together w ith good
lepton denti cation. This concept allow s to refct e clently the m ain topological background com ing from charm
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production in charged current interactions.

2. DETECTOR OVERVIEW

The OPERA detector is installed in the HallC of the G ran Sasso underground laboratory. F igure[dl show s a recent
picture of the detector which is 20 m Jong w ith a cross section of about 8x9 m 2 and com posed of two dentical parts
called superm odules (SM ). Each SM has a target section and a m uon spectrom eter.

T he spectrom eter allow s a determ ination of the charge and m om entum of m uons going through by m easuring
their curvature in a dipolar m agnet m ade of 990 tons of iron, and providing 1.53 Tesh transverse to the neutrino
beam axis. Each spectrom eter is equipped w ith six vertical planes of drift tubes as precision tracker together w ith
22 planes (8x8 m?) of RPC bakelite cham bers reaching a spatial resolution of 1 cm and an e ciency of 96% . The
precision tracker planes are com posed of 4 staggered layers of 168 alum inium tubes, 8 m long with 38 mm outer
diam eter. T he spatial resolution of this detector is better than 500 m . T he physics perform ance of the com plete
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Figure 1: View ofthe OPERA detector in HallC of the G ran Sasso U nderground Laboratory in M ay 2007.

spectrom eter should reduce the charge confusion to less than 0.3% and gives a m om entum resolition better than
20% for momentum less than 50 G&V . The muon denti cation e ciency reaches 95% adding the target tracker
Inform ation for the cases where the m uons stop inside the target.

T he target section is com posed of 31 vertical Iight supporting steel structures, called walls, Interleaved w ith double

layered planes of 6.6 m long scintillator strips in the two transverse directions. The m ain goals of this electronic
detector are to provide a trigger for the neutrino interactions, an e cient event pattem recognition together w ith
the m agnetic spectrom eter allow ing a clear classi cation of the interactionsand a precise Iocalisation of the event.
T he electronic target tracker spatial resolution reaches 0.8 an and hasan e ciency of 99% .
Thewalls contain the basic target detector units, called ECC brick, sketched in F ig.[d which are obtained by stacking
56 lead plates with 57 emulsion Ins. This structure provides m any advantages lke a m assive target coupled to
a very precise tracker, as well as a standalone detector to m easure electrom agnetic showers and charged particle
mom entum usihg the m ultiple coulom b scattering in the lead. The ECC concept has been already succesfully used
for the direct  observation perfom ed in 2000 by the DONUT experin ent B].
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Figure 2: a)Schem atic structure ofan ECC cell. The decay kink is reconstructed by using four track segm ents in the em ulsion
In s. b) Picture of an assem bled brick. Each brick weights about 8.6 kg and has a thickness of 10 radiation length X .

Behind each brick, an emulsion In doublet, called Changeable Sheet (CS) is attached In a separate enveloppe.
TheC S can bedetached from thebrick foranalysisto con m and locate the tracksproduced in neutrino interactions.
By the tim e of this conference, 146500 bricks (125 kton of target) assem bled underground at an average rate of
about 700 bricks/day by a dedicated fully autom ated Brick A ssembly M achine (BAM ) w ith precise robotics w ere
installed In the support steel structures from the sides of the walls using two autom ated m anipulator system s (BM S)
running on each side of the experim ent.
W hen a candidate brick has been located by the electronic detectors, the brick is rem oved using the BM S and the
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changeable sheet is detached and developped. The In is then scanned to search for the tracks originating from
the neutrino interaction. If none are found then the brick is left untouched and another one is rem oved. W hen
a neutrino event is con m ed the brick is exposed to coam ics to collect enough alignm ent tracks before going to
the developm ent. A fter developm ent the em ulsions are sent to the scanning laboratories hosting autom ated optical
m icroscopes in Europe and Japan, each region using a di  erent technology|§,ld]. T his step is the start of the detailed
analysis consisting of nding the neutrino vertex and looking for a decay kink topology in the vertex region.

3. THE CNGS BEAM STARTUP

TheCNG S neutrinobeam [Z]isa high energy  beam optin ised tom axin isethe  charged current interactionsat
G ran Sasso produced by oscillation m echanisn at the atm ospheric m 2. Them ean neutrino energy is about 17 G &V
w ith a contam ination of 24% — ,09% . and less than 0.06% of .. Usihg the CERN SPS accelerator In a shared
modewith xed target experin ent together w ith LHC , 4.5x10° protons on target (pot) per year should nom ally be
delivered , assum ing 200 days of operation. T he num ber of charged current and neutral current Interactions expected
In the G ran Sasso lJaboratory from are then about 2900 /kton/yearand 875 /kton/year regpectively. If the !
oscillation hypothesis is con m ed, the num ber of ’s produced via charged current interaction at the G ran Sasso
shouH be of the order of 14 /kton/year for m 2 =25x10 3eV? at fullm ixing.

A  rstCNG S short run took place n August 2006. The OPERA target was em pty at that tim e but the electronic
detectors w ere taking data. D uring this run, 319 events correlated In tin e w ith the beam and com ing from neutrino
Interactions in the surrounding rock and inside the detector have been recorded. T he delivered intensity correponded
to 76x10'7 pot, w ith a peak intensity of 1:7x10'3 pot per extraction corresponding to 70% of the expected nom inal
valie. T he reconstructed zenith angle distribution from penetrating m uon trackswas show ing a clear peak centered
around 3:4° as expected for neutrinos origihating from CERN . D etails and results can be found in Ref [71].

4. FIRST NEUTRINO EVENTS AND DETECTOR PERFORMANCES

A second CNG S physics run took place in O ctober 2007 w ith a total of 8:224x10'7 pot delivered and 369 recon—
structed beam related events. Sim ilar selection criteria to the 2006 analysis [1], based on GPS tim ing system s and
synchronisation between OPERA and CNG S, have been used to select events com patible with the CNG S proton
extraction tine window . The OPERA target was lled with 80% ofthe rst superm odule corresponding to a total
target m ass of 0.5 kton. Am ong the selected beam events, 38 were recorded and reconstructed Inside the OPERA
target for 315 6 expected. Among theam , 29 were classi ed as Charged Current (CC) and 9 as Neutral Current
(NC ) In agreem ent w ith expectation. For each event the electronic detector hitswere used to nd the m ost probable
brick where the neutrino interaction m ay have occured. T he left part of F igure[d show s an event display of the 1rst
neutrino interaction located in the OPERA detector. T he black dots represent hits in the electronic detector. T he
event is a charged current event w ith a clearm uon track traversing both target and spectrom eter sections overm ore
than 18 m . The right part of the gure show s the result of the detailed analysis of the em ulsions after scanning the
denti ed brick where a clear reconstructed interaction vertex is visible w ith tw o photon conversions com patible w ith
a © decay.

T he extensive study of the recorded events have con m ed the OPERA perform ances and the valdity of the
m ethods and algorithm s used which, for exam ple, give in pact param eter resolution of the order of a few m icrons,
particle m om entum estin ation, show er detection fore/ separation. Figure [4 show s the Iongitudinaland transverse
view s of another reconstructed event vertex w here a clear decay topology sin ilar to what is expected from a decay
is visible. H ow ever, the presence of a prom pt m uon attached to the prin ary vertex and the m om entum balance in
the transverse plane is in favour ofa ©¢ interaction producing a cham particle.
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Figure 3: a) Charged current neutrino interaction recorded in OPERA . T he event display show s the hits left in the electronic
detectors). b) Em ulsion reconstruction of the neutrino interaction vertex in the corresponding target brick.
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Figure 4: Longitudinal and transverse view of a reconstructed neutrino interaction vertex with a cham decay candidate
topology.

5. CONCLUSIONS

The OPERA detector is com pleted and is now m assive w ith 1.25 kton of lead-em ulsion target o ering a huge and
precise tracking device. W ith the cosm ic data taking and the st CNG S neutrino runs in 2006 and 2007, the design
goals and detector perfom ances were reached and the st levels of the reconstruction software and analysis tools
were validated. T he observation in 2007 of 38 neutrino events in the target bricks, the localization and reconstruction
of neutrino vertex in em ulsions was an In portant phase which succesfiilly validated the O PERA detector concept.
Having now the ull OPERA target, the next in portant step is the 2008 CNG S neutrino run which started already
in June. It is expected to have about 2:28x10'° pot in 123 days of SPS running assum ing a nom inal intensity of
2x10'3 pot/extraction. T his ntensity, when reached, should lead to about 20 neutrino interactions/day i the target
and eventually the observation of the rst event candidate.

In 5 years of CNG S running at 4.5x10%° pot per year, OPERA should be able to observe 10 to 15 events after
oscillation at fullm ixing in the range 25x10 > < m? < 3x10 3 eV?,with a totalbackground less than 0.76 events.
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